The M ≥ 3 earthquakes which occurred in the Taipei Metropolitan Area from 1973 through 2010 are used to study the memory effect of earthquake sequences in the area by applying a fluctuation analysis technique in the natural time domain. The earthquakes can be divided into two groups: the first for shallow events with focal depths ranging 0 -40 km and the second with focal depths deeper than 60 km. For both shallow and deep earthquakes, three magnitude ranges, i.e., M ≥ 3, M ≥ 3.5, and M ≥ 4, are taken into account. The calculations are also made for the events in a smaller area. Calculated results show that the exponents of the scaling law of fluctuation versus window length for all earthquakes sequences in consideration are not larger than 0.5, thus suggesting that the M ≥ 3 and M ≥ 3.5 earthquakes in the TMA are short-term corrected. On the other hand, the M ≥ 4 earthquakes are weakly corrected.
INTRODUCTION
Taiwan is situated in the collision boundary between the Philippine Sea plate and the Eurasian plate (Tsai et al. 1977; Wu 1978; Lin 2002) . The former moves northwestward with a speed of about 8 cm yr -1 (Yu et al. 1997 ) and has subducted beneath the Eurasian plate under northern Taiwan, where the Taipei Metropolitan Area (TMA) is located. This collision causes high seismicity in the Taiwan region (Wang et al. 1983; Wang 1998; Wang and Shin 1998) . The TMA is the political, economic, and cultural center of Taiwan. Hence, seismic risk mitigation rightly receives much attention. For this purpose, the seismicity of the area should be investigated thoroughly. A description of the geology of the TMA can be found in several articles (e.g., Wang-Lee and Lin 1987; Chang et al. 1998; Teng et al. 2001; Wang et al. 2006 ) and will not be given here.
From 1972 to 1991, the Taiwan Telemetered Seismographic Network (TTSN), sponsored by the National Science Council (NSC), was operated by the Institute of Earth Sciences (IES), Academia Sinica to monitor earthquakes in Taiwan. This network consists of 24 stations, each equipped with a vertical high-gain and analog velocity seismometer. The earthquake magnitude used by the TTSN was the duration magnitude scale. Wang (1989a) described this network in details. Since 1991, the old seismic network of Central Weather Bureau (CWB) has been upgraded and many new stations have been added to form a new network called the CWB Seismic Network (CWBSN). In 1992 the TTSN was merged into the CWBSN. The earthquake magnitude of the earthquake catalogue has been unified to be the local magnitude. A detailed description of the CWBSN can be found in Shin (1992) and Shin and Chang (2005) ; only a brief description is given below. At present, the CWBSN is consisted of 72 stations, each equipped with a three-component velocity seismometer. The seismograms are recorded in both high-and low-gain forms. This network provides high-quality digital earthquake data to the seismological community.
The seismicity and related seismic problems in the TMA were studied on the basis of data obtained by the TTSN, CWBSN, and several portable seismic arrays constructed by several researchers (e.g., Tsai et al. 1977; Wu 1978; Wang et al. 1983 Wang et al. , 1994 Wang et al. , 2006 Wang et al. , 2011 Wang 1988; Chen and Yeh 1991; Wang and Shin 1998; Lin 2002; Kim et al. 2005; Lin et al. 2005; Konstantinou et al. 2007) . A brief review can be found in Wang (2008) and Wang et al. (2006 Wang et al. ( , 2012 . Figure 1a shows the sequence of events (with magnitudes M i , i = 1, 2, 3,..., n + 1) in a conventional time domain. The inter-event time (also denoted by inter-occurrence time in some articles) between events i and i + 1 is denoted by T i . Wang et al. (2012) applied three statistical models, the gamma, power-law, and exponential functions, to describe the single frequency distribution of inter-event times between two consecutive events for both shallow and deep earthquakes with M ≥ 3 in the TMA from 1973 to 2010. Numerical tests suggest that the most appropriate time interval for counting the frequency of events for statistical analysis is 10 days. Results show that among the three functions, the power-law function is the most appropriate one for describing the data points. While the exponential function is the least appropriate for describing the observations, and, thus, the time series of earthquakes in consideration are not Poissonian. The gamma function is less than the power-law function and more appropriate than the exponential function to describe the observations. The scaling exponent of the power-law function decreases linearly with an increasing lower-bound magnitude. The slope value of the regression equation is smaller for shallow earthquakes than for deep events. Meanwhile, the power-law function cannot work when the threshold magnitude is 4.2 for shallow earthquakes and 4.3 for deep events. Therefore, Wang et al. (2012) assumed that the M ≥ 3 earthquake sequences for both shallow and deep events in the TMA show a power-law behavior. Let n t h be the number of earthquakes in an area at time t. When the changing rate of n t h at time t, dn t dt h , is controlled only by n t h, the relationship between dn t dt h and n t h can be represented by a linear 1-D difference equation: dn dt n t m =-^h. This equation gives a solution in the form of the exponential function, ~exp n t t m -ĥ h, to show its temporal behavior. When dn t dt h is controlled not only by n t h but also by the previous numbers, for example, n t t d -h, a memory effect exists in earthquakes. Hence, the relationship between dn t dt h and n t h can be represented by a non-linear 1-D differencial equation:
. dn dt n t n t t d l =--ĥ h We have dn dt n t 2 l =-^h as δt approaches zero. This gives a solution in the form of the power-law function, ~, n t t 1 l -h to show its temporal behavior. Hence, power-law behavior of an earthquake sequence suggests the possible existence of a memory effect in earthquakes. The radical problem now is in determining whether such a memory effect is long-term or short-term corrected in the earthquakes explored in this study.
A long-term memory effect appears in several phenomena, for example, in climate (e.g., Koscielny-Bunde et al. 1998) , physiology (e.g., Peng et al. 1994) , and the financial market (e.g., Liu et al. 1997) . Lennartz et al. (2008 Lennartz et al. ( , 2011 also assumed the existence of a long-term memory effect in earthquakes. In order to study this type of problem, the fluctuation analysis (FA) technique (Koscielny- Bunde et al. 1998; Lennartz and Bunde 2009a ) is commonly commonly chosen for use. Essentially, those phenomena are assumed to be physically critical. Recently, the natural time is considered to be a good time system to represent critical phenomena (e.g., Varotsos et al. 2004 Varotsos et al. , 2005 Lennartz et al. 2008 Lennartz et al. , 2011 Uyeda et al. 2009 ). Seismicity is also considered to be one of critical phenomena (e.g., Bak and Tang 1989; Main 1996; Turcotte 1997; Rundle et al. 2003) . Hence, the temporal variation in earthquakes can be represented in natural time as demonstrated in Fig. 1b in which the earthquake sequence is denoted by the count, i, of an event. Hence, the inter-event time is just one unit for all pairs of events in the natural time domain.
In this study, we will apply the FA technique to quantify possible memory effect in the sequence of M ≥ 3 earthquakes occurring in the TMA from 1973 to 2010. In order to explore the effect of the size of earthquakes on the memory effect, the analyses will also be made for three magnitude ranges, i.e., M ≥ 3, M ≥ 3.5, and M ≥ 4, in the natural time domain.
DATA
Data obtained as a result of shallow earthquakes which occurred in the TMA from 1973 through 1984, Wang (1988) obtained b = 1.33 ± 0.13 in the magnitude range 1.8 -3.3. For the eastern part of TMA, Wang (1989b) (1) the ability of detecting earthquakes with M < 3 is lower for deep events than shallow events; and (2) based on seismic risk mitigation, M ≥ 3 earthquakes are more significant than M < 3 events, because damage caused by M < 3 events is usually very small. The earthquake data were retrieved directly from the CWB's data base. The maximum location errors are about 2 km horizontally and 5 km vertically (Shin 1992) . The location error increases with depth.
Spatial Distributions of Earthquakes
The epicenters of earthquakes used in this study are plotted in Fig. 2 : open circles for shallow (0 -40 km) earthquakes and solid circles for deep (> 60 km) events as defined below. Since the location error is smaller than 5 km, the separation of the two groups of events is apparent. Figure 2 shows that deep earthquakes are located mainly to the east of 121°30'E as pointed out by Tsai et al. (1977) who suggested that the longitude of 121°30'E marks the west edge of the subduction zone. Shallow earthquakes have focal depths mainly in the range of 0 -10 km north of 25.1°N and down to 40 km south of 25.1°N. Wang (1989b) and Wang et al. (2006) also found that the earthquakes in the eastern part of TMA can be located down to a depth of 40 km. The shallow events to the north of 25.1°N are located mainly at the TVG. Wang et al. (1994 Wang et al. ( , 2006 observed that except for the earthquakes in the subduction zone, the events occurring in northern Taiwan are usually shallow. Kim et al. (2005) also obtained similar results. Figure 3 shows the depth profile of earthquakes along a north-south profile across the TMA. Obviously, the events can be divided into two groups: one group with focal depths of 0 -40 km and the other with focal depths > 60 km. The deep events are associated with a subducted slab. A detailed description of the depth profile can be found in Wang et al. (2006 Wang et al. ( , 2012 . It should be noted that the M7 earthquake of April 15, 1909 was located in the slab (Wang et al. 2011) . It can be seen that an event was located at a depth of 280 km. Since the event departs away from the main trend of deep earthquakes occurring in the subduction zone, it could be miss-located. Hence, the event is not used in the following calculations. In all, 874 shallow earthquakes and 1697 deep events are used in this study. The maximum magnitudes are 5.3 and 5.7, respectively, for shallow and deep earthquakes. Figure 4 shows the sequences of earthquake magnitudes in the conventional time domain (with a unit equaling one day): (a) for shallow events and (b) for deep events. The shortest inter-event times are less than 1 day for both shallow and deep earthquakes; while the longest inter-event times are 925.4 and 108.9 days, respectively, for shallow and deep events. Since some events occurred in a short time interval (for example a day) the line segments representing them cannot be clearly separated. Hence, those events are plotted by a line segment with the largest earthquake magnitude. It is obvious that after 1988 only one M > 4 shallow event was located in the TMA. Deep events occurred more or less uniformly in the whole study time period. 
Earthquake Sequences

FLUCTUATION ANALYSIS
Considering a record (x i ) of i = 1, ..., N equidistant measurements, the correlation of the values x i and x i+s for different time lags, i.e., correlations over different time scales s. In order to get rid of a constant of set in the data, the mean x is usually subtracted from x i to get y x x 
with a scaling exponent 0 < γ < 1. A direct calculation of C(s) is usually not appropriate due to possible superposition of noise on the data x i and underlying trends caused by unknown origins.
Fractional noises are defined to be a sequence of values (i.e., a time series) for which the power spectral density S(f) has a power-law dependence on frequency f. That is, (see e.g., Turcotte 1997),
For an uncorrelated white noise we have a constant spectrum so that β = 0. For β = 1 we have a 1/f noise. In between, for 0 < β < 1, we have long-term correlations.
In records with long-term memory a large event is more likely to be followed by a large event and a small event to be followed by a small event. This clustering leads to a "mountain-valley" structure with "mountains" and "valleys" on every time scale Livina et al. 2005; Lennartz and Bunde 2009b) . The "mountain-valley" structure means that a group of a large number of events in a short time interval is followed by that of a small number of events in the sequent time interval. In addition, non-stationarities often exist in experimental and observed data. Such properties must be clearly distinguished from the intrinsic fluctuations of the system in order to find the correct scaling law of the fluctuations. This task is not easy, since, e.g., subtracting some kind of a moving average with a certain bin width would artificially introduce the time scale into the data, thus destroying a possible scaling over a wider range of time In order to calculate the fluctuation, we first subtract from all values x i the mean x , where x i is the magnitude or inter-event time at natural i. Secondly, we sum up events within a window of length s, which divide the data set (now the earthquake sequence) into several segments. If the number of events is N, the number of segments is N N s s = where N s is an integer. Since N is not necessary a multiple of s, the events in a small portion at the end of the sequence will not be taken in the calculations. The squared fluctuation function is then the squared sum, averaged over all windows. Accordingly, F s 2^h is, up to a factor s 2 , the variance of the mean values of s successive data points. For long-term correlated data sets the fluctuation function F ŝ h scales as
with 1/2 ≤ α ≤ 1. For white noise (β = 0) we have α = 1/2, and 1/f noise (β = 1) we have α = 1. As α < 1/2, the data set is short-term corrected or uncorrelated. As α > 1, the data set is non-stationary, random walk like, and unbounded. The correlation, power-spectral density and fluctuation function are related to each other by 2 2 a c = -
The details concerning how to obtain the relations between the scaling exponents can be found in Kantelhardta et al. (2001) and Lennartz and Bunde (2009b) . Obviously, the fluctuation function is associated with the autocorrelation function and power-spectral density. It is noted that fluctuation analysis as used here is very closely related to Hurst's rescaled-range analysis. The exponent α is equal to the Hurst exponent.
RESULTS
For the above-mentioned three magnitude ranges of earthquakes, the log-log plot of fluctuation Table 1 . Obviously, the number of events decreases and the inter-event time increases with increasing M low . The value of log[F M (s)] at each log(s) decreases with increasing M low , because the number of events decreases with increasing M low . On the other hand, the value of log[F T (s)] at each log(s) increases with M low , because the inter-event time increases with M low even though the number of events decreases. The dashed lines denote the linear equation with a slope value of 0.5. The thin solid lines represent the inferred functions for relevant data sets and will be explained below. In Figs. 8a and c, log[F T (s)] monotonically increases with log(s) for the three magnitude ranges. In Fig. 8b , when M ≥ 3 and M ≥ 3.5 log[F T (s)] increases with small log(s), then falls down at log(s) = 1.279 (or s = 19) for M ≥ 3, log(s) = 0.903 (or s = 8) for M ≥ 3.5, and log(s) = 0.477 (or s = 3) for M ≥ 4, and finally increases again with log(s). In Fig. 8d 
, for three magnitude ranges log[F T (s)] increases with log(s).
It is necessary to explore the possible effect on the evaluation of scaling exponent when the events occurring in an area smaller than that displayed in Fig. 2 . For this purpose, the events which occurred in an area with latitudes higher than 24.9°N and longitudes smaller than 121.8°E are taken into account. This smaller area could be more appropriate to represent the TMA than the original one. The log-log plots for F M (s) and F T (s) versus time window, s, for three magnitude ranges are also made for those events and shown in Fig. 9 (symbols: open circles for M ≥ 3, crosses for M ≥ 3.5, and open squares for M ≥ 4): (a) for magnitudes of shallow events; (b) for inter-event times of shallow events; (c) for magnitudes of deep events; and (d) for inter-event times of deep events. The number of events and the maximum interevent time for each magnitude range are given, respectively, in first parenthesis under the M-column and in that under the T-column of Table 2 . Obviously, the number of events decreases and the inter-event time increases with M low . A comparison between Tables 1 and 2 show that the number of events and the inter-event time are, respectively, smaller and longer for the original area than for the smaller area, and the differences between the two areas increase with M low . Like monotonically increases with log(s) for the three magnitude ranges. In Fig. 9b , when M ≥ 3 and M ≥ 3.5 log[F T (s)] increases with log(s), then falls down at log(s) = 0.954 (or s = 9) for M ≥ 3 and log(s) = 0.845 (or s = 7) for M ≥ 3.5, and finally increases again with log(s). In Fig. 9d , log[F T (s)] increases with log(s) for the three magnitude ranges. In Figs. 8 and 9 , the plots for all cases slightly become flat or show roll-over at large log(s). This might be attributed to the finite-size effect as mentioned by Lennartz and Bunde (2009b) .
DISCUSSION
Figures 5 -7 show that the variations in magnitude with natural time for the three magnitude ranges are quite uniform. This indicates that no abnormal earthquake happened in the TMA during the time period in study. On the other hand, the variations in inter-event time vary remarkably. Small inter-event time appeared in the earlier time period, while large inter-event time did in the later time period. This indicates that the frequency of earthquake occurrences was higher in the earlier time period than in the later time period. This phenomenon can also be seen in Fig. 4 . The turning points appeared at 1988. This means that the TMA has been inactive since 1988. This phenomenon was first pointed out by Wang et al. (2006) and should be paid attention by local seismologists. In addition, the longest inter-event time increases with M low as mentioned previously.
In Figs. 8a and c, the log-log plots of F M (s) versus s are well-distributed in three magnitude ranges for both shallow Table 2 . The values of α * of linear relationship between log[F(s)] and log(s), i.e., log[F(s)] = a + α * log(s), for M ≥ 3, M ≥ 3.5, and M ≥ 4 events, which occurred in a smaller area (latitudes higher than 24.9°N and longitudes smaller than 121.8°E), in two depth ranges: shallow and deep earthquakes. The values inside the first parenthesis are the number of events in the M-column and the maximum inter-event time in the T-column. The range of s for performing linear regression for each case is given in the second parenthesis.
Shallow Events
Deep Events and deep earthquakes. Figure 8b shows that the log-log plots of F T (s) versus s are ill-distributed for shallow earthquakes for the three magnitude ranges. As mentioned above, there is a significant reduction in log[F T (s)] at a particular value of log(s): 1.279 (or s = 19) for M ≥ 3, 0.903 (or s = 8) for M ≥ 3.5, and 0.477 (or s = 3) for M ≥ 4.0. Such a particular value decreases with increasing M low . This might be due to a fact that when the value of log(s) is larger than the respective particular one, segmentation of an earthquake sequence results in a decrease in the number of data points due to exclusion of some data points in the later part of a sequence in calculations as mentioned above. Meanwhile, for those earthquake sequences larger inter-event times appear in the later part of a sequence as displayed in Figs. 5 -7. This can also result in a decrease in the calculated values of F T (s). In Figs. 8a and 8b , there is no data point at large log(s) when M ≥ 4, because the number of events is small (see Table 1 ). Figure 8d shows that the log-log plots of F T (s) versus s are well-distributed for deep earthquakes.
Although the ill-distributed log-log plot of F T (s) versus s for shallow earthquakes cannot give us a positive answer to the memory effect, the relevant log-log plot of F M (s) versus s as displayed in Fig. 8a can still help us to study the problem. Figure 8 seems to suggest the presence of a linear relationship between log[F(s)] [for both F M (s) and F T (s)] and log(s) at small log(s). In order to perform linear regression, the linear equation represented by log[F(s)] = a + α * log(s) is taken for the data points in a certain range of log(s), within which a linear relationship exists. The range of s for each case is shown in Table 1 . Obviously, α * is the α value for the data points in such a range of s rather than in the whole range of s in use. The values of α * for shallow and deep earthquakes in the three magnitude ranges and vary from 0.352 to 0.499 for magnitude and from 0.323 to 0.496 for inter-event time and are given in Table 1 . The standard error for the inter-event time when M ≥ 3 is smaller than 0.001, it is given by "0.000" in Table 1 .
In Fig. 9a , the log-log plots of F M (s) versus s are welldistributed for M ≥ 3 and M ≥ 3.5, yet not for M ≥ 4. There is a significant reduction in log[F M (s)] at log(s) = 0.301 (or s = 2) for M ≥ 4. In Fig. 9b , the log-log plots are ill-distributed for M ≥ 3 and M ≥ 3.5 but well-distributed for M ≥ 4. As mentioned above, there is a significant reduction in log[F T (s)] at a particular value of log(s): 0.954 (or s = 9) for M ≥ 3 and 0.845 (or s = 7) for M ≥ 3.5. This reduction does not appear for M ≥ 4. Such a particular value of log(s) decreases with increasing M low . The ill-distributed patterns might be due to a reason that when the value of s is larger than the respective particular value, segmentation of an earthquake sequence results in a decrease in the number of data points due to exclusion of some data points in the later part of a sequence in calculations. Moreover, for those earthquake sequences longer inter-event times appear in the later part of a sequence as displayed in Figs. 5 -7, and thus are not included in calculations at large log(s). This makes the calculated values of F T (s) reduce. In Figs. 9a and b there is no data point at large log(s) when M ≥ 4, because the number of events is small (see Table 2 ). In Figs. 9c and d , the log-log plots are well-distributed for the three magnitude ranges.
For shallow earthquakes, the log-log plots of F M (s) versus s for M ≥ 4 in Fig. 9a and those of F T (s) versus s for M ≥ 3 and M ≥ 3.5 in Fig. 9b are ill-distributed and thus cannot give us a reliable answer to the memory effect. However, the relevant log-log plot of F T (s) versus s in Fig. 9b and those of F M (s) versus s in Fig. 9a can still help us to study the problem. Figure 9 seems to suggest the presence of a linear relationship between log[F(s)] [for both F M (s) and F T (s)] and log(s) at small log(s). Like Fig. 8 , the linear equation, which is represented by log[F(s)] = a + α * log(s), is inferred from the data points in a certain range of s, which is shown in Table 2, the result is displayed by a thin solid line in Fig. 9 . The values of α * in the three magnitude ranges vary from 0.395 to 0.499 for the magnitude cases and from 0.414 to 0.496 for the inter-event time cases and are given in Table 2 .
Clearly, all α * values are not larger than 0.5. For shallow earthquakes, the smallest value of α * is 0.357 when M ≥ 4 for the magnitude cases and 0.322 when M ≥ 3.5 for the inter-event time cases. Almost all data points with log(s) > 1 (or s > 10) in Figs. 8 and 9 are not above the regression lines. This will lead to a fact that the average value of α * in Eq. (3) should be smaller than 0.5 for all cases, when it is evaluated from all data points. This suggests that the memory effect in earthquakes of this study could be only short-term corrected or weakly corrected. From Figs. 8 and 9 and Tables 1 and 2, the α * values are closer to 0.5 for the group of deep earthquakes than that of shallow events. This implies that the correlation between events is stronger for the former than for the latter. For shallow earthquakes, the α * values are closer to 0.5 for the magnitude cases than for the inter-event time cases and the difference between them increases with M low . Moreover, the α * value cannot be calculated for the events with M ≥ 4. Results might implicate incompleteness of the sequence of shallow events, especially for those with M ≥ 4, in use. Meanwhile, the α * values for the magnitude cases are close to 0.5 only when M ≥ 3 and M ≥ 3.5 and the value departs from 0.5 when M ≥ 4. This suggests that as considering the sequence of magnitudes, the memory effect is operative only for the events with M < 4 and the events with M ≥ 4 occur almost randomly or are only weakly-corrected.
The α * values are in general larger for the events in the original area than for those in the smaller area. The difference between the two areas is relatively large when M ≥ 4. Figure 2 shows that a large number of M ≥ 4 events are located outside the smaller area, thus decreasing the number of M ≥ 4 events when the smaller area is taken into account. Although the inter-event time is longer for the events in a smaller area, a remarkable decrease in the number of events (see Tables 1 and 2 ) will make the calculated values of F M (s) and F T (s) reduce, especially at larger s, thus decreasing the value of α * . This is mainly due to the segmentation effect on the data as mentioned before. The value of α * decreases with increasing M low for both shallow and deep earthquakes in the original and smaller areas in study. This indicates that the degree of correlation between events decreases with increasing M low . This again confirms the suggestion that the degree of correlation between events decreases with increasing M low .
For almost all cases, a linear correlation exists for small s, especially for s < 10. When M low is smaller than 4, the scaling exponent is smaller but close to 0.5, thus indicating that an earthquake could be influenced by few (< 10) events occurred before it. For the same data in the TMA, Wang et al. (2012) found that it is more appropriate to use the power-law function to describe the earthquake sequences for both shallow and deep events than to use either the gamma function or the exponential function. Their results suggest the possible existence of memory effect in the earthquake sequences as mentioned previously. In addition, they also observed that the component of exponential law increases with M low . This means that the degree of random of earthquake occurrences increases and that of correlation between events decreases with increasing M low . The earthquakes with M ≥ 4 in the TMA occur almost randomly. Together with their results and those of this study, we can assume that in the TMA the M ≥ 3 earthquakes are short-term corrected and the M ≥ 4 events are weakly corrected. Obviously, the short-term correction is operative mainly for the events with magnitudes in between 3 and 4.
The present observations are different to those obtained by Lennartzet al. (2008 Lennartzet al. ( , 2011 for the earthquake sequences in northern and southern California, for which they assumed the existence of long-term memory effect. This might be due to a fact that many mainshock-aftershocks sequences with mainshocks of magnitudes > 6 were included in their study, while only few mainshock-aftershocks sequences with mainshocks of magnitudes < 5 are included in the present data sets (see Figs. 5 -7) . The lasting time of aftershocks increases with the size of the mainshock. This is due to strong correlations between aftershocks and their mainshock and between an aftershock with others as described by Omori law. Aftershocks are considered to be the result of stress alterations in the crust induced by mainshocks through time-dependent processes, for example, the porefluid flow, viscous relaxation of the lower crust and upper mantle, and afterslip. Viscoelastic relaxation is a common mechanism for generating aftershocks (Scholz 1990; Chen et al. 2012) . Therefore, the memory effect should be higher and longer for the mainshoch-aftershocks sequence with a larger mainshock than that with a smaller mainshock. This is the reason why Lennartz et al. (2011) studied the scaling law of F(s) versus s from the BASS model of aftershocks (Turcotte et al. 2007) . Hence, it is not surprised that the long-term corrected memory effect is not operative in the earthquake sequences in the TMA.
CONCLUSIONS
The M ≥ 3 earthquakes occurred below the Taipei Metropolitan Area during 1973 -2010 can be divided into shallow (0 -40 km) and deep (> 60 km) earthquakes, which are located in the crust and in subduction zone, respectively. Those earthquakes are taken to study the memory effect by using the fluctuation analysis technique. The earthquake sequences are represented in the temporal variations of magnitudes and inter-event times in the natural time domain. For both shallow and deep earthquakes, three magnitude ranges, i.e., M ≥ 3, M ≥ 3.5, and M ≥ 4, are also taken into account. In addition to the events of original area, those in a smaller area are also considered. Calculated results show that the values of scaling exponents of Eq. (3) for all earthquake sequences in consideration are not larger than 0.5, and the value decreases with an increase in the lower-bound magnitude. Except for M ≥ 4 events, the scaling exponents for the smaller area are similar to those for the original study area. Results further suggest the existence of short-term corrected memory effect for smaller-sized earthquakes with a lowerbound magnitude smaller than 4 and weakly corrected for larger-sized events with a lower-bound magnitude of 4.
